AD-A172 7514  FIBER-MATRIX INTERACTIONS IN CARBON-FIBER/CEMENT NATRIX 4/
COMPOSITES . <(U) AEROSPACE CORP EL SEGUNDO CA MATERIALS
SCIENCES LAB D C CRANMER ET AL 25 JUL

UNCLASSIFIED TR-0086(6935-14)-1 SD-TR-86-48 F/6 11/4 NL




O

a's
o

: {

X

hﬂ' 10y, ‘ﬂ.{:l'
]
LSRN

*

(3
r

OINARAY
:I‘.'c“:.; #

N .
IOSOMCALRN
DOOCNIONE
'&e"i'n‘?'s{'hs‘!ﬁ‘

==
N
()

o

22 s

CCFCEER R

FEEE
E

A

.

—

rr

r

Fr
=
Hro

o

=
(o o]

o

—
B
F———]
_—

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

“" W -
:' AR WO )
'!‘c'@.ﬂ l'i'é"'l

RN,
i"'i 4 534‘;'0'1
;‘l 1

PO

OO0 COOOONGAGN0

'3:;::::‘::::::':::::::D:A:'::."‘::‘::::“:.
(OO0 3 e

X ‘Q"f"’.f:v:‘:u:':v. ‘"" ,“l:'.a’ o

& '. 3
L) Q )
L) W ":..'
s hd 1‘62"\?

L SRR I,




REPORT SD-TR-8648 ’ / s

Fiber-Matrix Interactions in
Carbon-Fiber/Cement Matrix Composites

D. C. CRANMER and D. J. SPEECE
Materials Sciences Laboratory
Laboratory Operations
The Aerospace Corporation
El Segundo, CA 90245

AD-A172 751

25 July 1986

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED

Prepared for WUl 3 1886

i Yo w
SPACE DIVISION w j
AIR FORCE SYSTEMS COMMAND ~ A
Los Angeles Air Force Station SN :
P.O. Box 92960, Worldway Postal Center
Los Angeles, CA 90009-2960

g 10 3 [lod

ONC FILE COPY

S e O L A S SRR G, S S
---------------------

et RN G S WL PR W W WY WO ooy Beititdt g ittt .c'-."' VT TSR S Dy W TRV S0 S NSO SIS Oy, DU




LAkl
T "
e
LAY
R A AN

3

5350 H0RR
ol & 'J‘

A0 S
AR AN

>»

«”
'«
o

This report was bubmitted by The Aerospace Corporation, El Segundo, CA
90245, under Contract No. F04701-85-C-0086 with the Space Division, P.0. Box
92960, Worldway Postal Center, Los Angeles, CA 90009-2960. It was reviewed
and approved for The Aerospace Corporation by R. W. Fillers, Director,
Materials Sciences Laboratory. Lt Donald Thoma, SD/YXTI, was the project
officer for the Mission-Oriented Investigation and Experimentation (MOIE)

Program.

This report has been reviewed by the Public Affairs Office (PAS) and
is releasable to the National Technical Information Service (NTIS). At NTIS,
it will be available to the general public, including foreign nationals.

This technical report has been reviewed and is approved for publication.
Publication of this report does not constitute Air Force approval of the
report's findings or conclusions. It is published only for the exchange

and stimulation of ideas.

D orl 2 T /L.,

DONALD THOMA, Lt, USAF J@BEPH HESS, GM-15
MOIE Project Officer Director, AFSTC West Coast Office
SD/YXTI AFSTC/WCO OL-AB

R T e T o R A e T W T T e T T T e e e e T
e -'."('-.4'\"“.* AT AR

......




Raad X R A A S R O N T P R T O O P I ey

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
REPORT DOCUMENTATION PAGE BEFORE CORPT B TING FORM
[T REPORT NUMBER 2. GOVT ACCESSION NO.J 3. RECIPIENT'S CATALOG NUMBER

SD-TR-86-48 D-A4/73 457

4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

FIBER-MATRIX INTERACTIONS IN CARBON-FIBER/CEMENT
MATRIX COMPOSITES

6. PERFORMING ORG. REPORT NUMBER

TR-0086(6935-14)-1

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

David C. Cranmer and Dana J. Speece
F04701-85-C-0086

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::gﬁ AM oE KE E:ITTNP‘R‘O.JE'CT TASK
The Aerospace Corporation

El Segundo, Calif. 90245
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Space Division 25 July 1986

Los Angeles Air Force Station i’é NUMBER OF PAGES

Los Angeles, Calif. 90009-2960

4. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Oltice) 1S. SECURITY CL ASS. (of this report)

| Unclassif
Sa. DECLASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, If ditferent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide I necessary and identily by block mmber)
Carbon fiber Interfaces

Ceramic

Ceramic matrix

Composites

-~

20. ABSTRACT (Continue on reverse side Il necessary and identify by block number)

. An understanding of the nature of the interface between fiber and composite

matrix is essential for development of ceramic-matrix and metal-matrix
composites. It has been shown that the use of organometallic-based coatings
on carbon fibers aids processing and improves properties in metal-matrix
cowmposites. The present report deals with the use of similarly coated
carbon fibers in various cement matrices. It describes the method of
applying the coatings and the differences in the fiber-matrix interfacial
region due to the use of different coatings. The tensile properties are -

4

DD FORM 1453 UNCLASSIFLED Con L

(FACSIMILE)

............ \'-wr- MR

"v’\ u’d‘. -r. J‘.v\ N ‘W“

SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

-
n*s,\

AR K 2 kT TAT AT TR A X PR “_l‘.’J_.r_n’-“’.J




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Bntered)
19. KEY WORDS (Continued)

20, ABSTRACT (Continued)

- i

“'discussed and related to the differences seen at the interface as well as to
differences in processability.

Y

S5

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGK(Then Date Entored)

I S N e R R S s S S s

Bz




PREFACE

-
-

L
¥ s 4 X

The authors would like to thank Dr. H. Katzman for his helpful technical

< " .
-
-

discussions.

N > -y
O WX
- -
.

-

o
- =

e
S iA

NN D

B 4 F e 5 s
L Y P MR A I )
LSY At At o

N e - A

»ct

¢ nn o iuute Codes
> T 5
*“ i et L nd/op
: _ Lo Irecial
O, i ‘: e,
A ] ‘ ax :
. = | i




R CONTENTS

PREFACE..'0000.0..l.......‘.l...."......'..'I.‘.......I.O.‘.ll.......... l

* I. INTRODUCTIONQ...........cooon-o-oooiooo..oovo.000.0..-..0.-.0..-0.0 S
IIn EXPERIMENTAL PROCEDURE..QQ....I.Clt!-no.c.ooo.'-ool..ooo.co..o.ooo. 9
] III. RESULTS AND DISCUSSION.0.0..0‘......ncooc..............l.....'..... 11

IVQ CONCLUSIONS....o.o'o.oooo...-.o-o...oc.‘.o0.0l.o.ooooooloa-.ooooooo 21

REFERENCEOO.o-oooooooc.oc-..oooo.Qo..oc!0.-00..0.0.000o.“o.o.oooc.o.c.oo 23

VS
LA,

) i

) ] o ¢ -y ; A A\ L TRTRA LCATRTS TR TR TR T f aTeY AL IR ERATA CAY
.‘l.-‘l '~ l'phi.' l..;‘l"-b..a‘\‘ ‘J'&c.’. .-‘l 4 t'. '\"..w. ‘:i ¥ jJ o 3 $ N -.q % v \‘ 2 i 9, ‘ -’ \ *“\ " ‘\ » " ! ?




1.

2.
3.
4.
5.

6.

7.

1.

2.

o AW

FIGURES

Schematic of Fiber Coating Process and Typical Reaction
for sioz coating..l....ll........'...‘.........0.'...'...O...‘......

Carbon-Fiber-Reinforced Cement Composite with Uncoated Fibers..c....
Carbon-Fiber—Reinforced Cement Composite with Sizing Onlyececcecccsse
Carbon-Fiber-Reinforced Cement Composite with Si0, Coatingeccccc.c...
Carbon-Fiber-Reinforced Cement Composite with A1203 Coatingeseecoense

Carbon-Fiber-Reinforced Cement Composite with A1203-8102

coating“...............0...."l...........O..O..l......‘I......Q...

. Carbon-Fiber—Reinforced Cement Composite with zr02. 0000000000 cv00ne

TABLES

Tensile Strength (MPa) of Various Composite TOWSeecocssssscccccccssss

Tensile Strength of Infiltrated Tows vs. Rule-of-Mixtures

calculations..................0...'..l...l.......I....I.'.Q.........

Lt e T L o o TRt D L B

LN W)

13

14

15

16

17

18

12

19




el
b2 77,

of

I. INTRODUCTION

£
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ot iew &
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There is a large and growing activity in the development of advanced
:vlj fiber-reinforced ceramics and glasses for use in a variety of structural
'}¥ applications. The properties of these composites are influenced by the inter-

actions between the filament and matrix materials. A strong fiber-matrix bond

'f% can result in a strong but still brittle composite, while a weak bond can
Eﬁ result in a material with poor properties. To optimize the properties and to
ﬁh’ be able to make design trade-offs (e.g. strength vs. toughness), a more
complete understanding of the interactions between the matrix and fibers is
Qﬂf required. This report discusses the first results of our investigation into

»
=

.
A

fiber-matrix interactions in a ceramic matrix system.

-
1.

t:; The purpose of this investigation is to examine the fiber-matrix inter-
{;? actions in a carbon-fiber/cement matrix system where an oxide coating of SiOz,
'i& A1203, A1203-SiO2 (3:2), or Zr0, has been deliberately introduced at the
i“? interface. The carbon-fiber/cement matrix system was chosen for several
- reasons, the most important being its potential for development of a material
_ having a zero or near-zero coefficient of thermal expansion. This 1s made
Z;&E possible by the combination of the negative axial thermal expansion of the
35&: carbon fiber and the low modulus of the cement. Also, this system requires no
:"" elevated-temperature processing, since the cements chosen cure at room temper-
: ature. Finally, the cements can be readily modified by the addition of organo-
%;ﬂ metallics and/or particulates. The coatings were chosen to provide differing
‘igi degrees of chemical compatibility with the matrix cements.
:?*' There are a variety of techniques available for coating carbon fibers,
[V~ including chemical or physical vapor deposition, but one technique that has
g& shown to be effective in metal-matrix composites involves coating the fiber
{ﬂ;: with an oxide material 1000 to 2000 A thickl by using organometallic
e precursors. The coating adheres to the fiber and provides a surface that the
ﬁfﬁ molten metal will wet durfng further processing. The exact coating used
ES%E depends on the matrix metal desired. The organometallic is applied in an
:‘EZ ultrasonic bath and hydrolyzed to form the oxide. It is then heat treated to
o
o 5
A
e e e A 2 e oy e e Sy 4 ]




Ay drive off the organic components and consolidate the oxide. A schematic of
the coating process is shown in Fig. 1. Coatings of carbides or nitrides can

!ﬂ: also be deposited by this technique.
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Schematic of Fiber Coating Process and Typical Reaction for Si0
Coating
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II. EXPERIMENTAL PROCEDURE

Several 15-m lengths of carbon fiber tows? were double coated with 8102,
A1203, 8102-A1203, and Zr02. The organometallic precursors were tetra-
ethylorthosilicate (TEOS), aluminum isopropoxide, and zirconium n-propoxide.
The precursors were applied to the tows in an ultrasonic bath, hydrolyzed in a
steam bath, and heat treated to 575°C under argon. Lengths of coated and
uncoated tows were cut into ~15~cm segments and infiltrated with an epoxy

resin or one of two porcelain cementsb

in an ultrasonic bath. The major
constituent of the cements was either zircon or silica. All of the matrices

were cured at room temperature.

The tensile strengths of the various infiltrated tows were measured by
attaching metal tabs to the ends of the tows, mounting the tabs in a tensile
tester, and pulling the tows at a crosshead speed of 0.0042 cm/s until
complete failure was obtained. The fracture surfaces were examined in a

scanning electron microscope (SEM) to determine the failure modes and origins.

27300-1K, Union Carbide Corp.
Sauereisen 29 and 31, Sauereisen Cement Co.
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IIT. RESULTS AND DISCUSSION

n Fracture strengths were calculated from the breaking loads and areas were
! measured at the fracture origin by the SEM. The results are given in Table
l. 1t is evident from the data for the resin matrix materials that there has
) been no degradation of fiber properties as a result of the application of the

coatings.

Figures 2 through 7 show the tows infiltrated with the zircon base cement
> for the unsized, sized, 8102—, A1203-, SiOZ-A1203, and Zr02-coated materials,
S5 respectively. From the chemical compatibility viewpoint, it would be expected
’ that the SiOZ— and ZrOz-coated tows would show the greatest degree of bonding
with cement, while the remainder would be less well bonded. Examination of

R the figures leads to several observations. The first is that the fiber with
no sizing or coating (Fig. 2) has very poor infiltration of the cement into

the tow compared to the remaining materials. Second, the distribution of the

« S A o

fibers in the cement as well as the overall diameter of the infiltrated tow

vary considerably with the applied coating. The best distribution and

smallest diameter occur in the sized (Fig. 2), Si0, (Fig. 4), and Zr0,

g (Fig. 7) materials. The Al,04 (Fig. 5) and Al1,04-5i0, (Fig. 6) materials

showed clumping of the fibers and large diameters. A unique observation about

the A1203—coated tows can be seen in the high-magnification micrograph of

. Fig. 5. Although each fiber is surrounded by cement, there appears to be no

ﬁ contact of the fiber and the matrix, i.e., there is no apparent fiber-matrix

‘ bonding. Such a condition would lead to fracture and instantaneous release of
the individual fibers during tensile testing, resulting in very poor

. strengths. Such a result is seen in Table 1, where the strength of the A1203-

. coated material is the lowest of the zircon cement materials.

Table 2 compares the measured tensile strengths of the T300/zircon cement
tows with the values expected from the rule-of-mixtures. The volume fraction
of fibers was measured from the micrographs, and strains were estimated from
the load-vs.-time chart acquired during the tensile tests. For all of the
materials except the A1203-coated tows, the rule-of-mixtures appears to
provide a reasonable prediction of the tensile strength. The rule-of-mixtures

calculations assume complete bonding of the fiber and the matrix.
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< Table 1. Tensile Strength (MPa) of Various Composite Tows

Matrix

Fiber Resin Zircon Porcelain

Unsized -— 172146 -—

Sized 31304205 232483 3404118
¥ $10,-Coated 2680£532 11128 416+136
A1,04-Coated 3060+375 16+11 124156
: $10,-A1,05-Coated 30901193 45£32 2181111

ZrOz-Coated 27804435 87450 110+52

Note: Unreianforced cement is ~2.8 MPa.
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Carton-Fiber-Reinforced Cement Composite with Sizing Only

Fig. 3.
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Carbon-Fiber-Reinforced Cement Composite with SiOz Coating
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Carbon-Fiber-Reinforced Cement Composite with Al,0; Coating
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—Reinforced Cement Composite with A1203—8102

Carbon-Fiber
Coating

Fig. 6.
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IV. CONCLUSIONS

Differences in mechanical properties in the carbon-fiber/cement metrix
system which result from the presence of different coatings have been seen.
The differences can be related to the ability to infiltrate the carbon tows
and to the degree of bonding between the fibers and the matrix. For the
zircon cement system, the rule-of-mixtures appears to provide a reasonable
prediction of the tensile strengths and yields an indication of the degree of

bonding enhancement due to the coatings.
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}:; The Aerospace Corporation functions as an “architect-engineer” for

LJ}% . national security projects, specializing in advanced military space systems.
Providing research support, the corporation's Laboratory Operations conducts

:. ? experimental and theoretical investigations that focus on the application of

_~jfﬁ - scientific and technical advances to such systems. Vital to the success of

:S'\ these investigations is the technical staff's wide-ranging expertise and its

: :: ability to stay current with new developments. This expertise 18 enhanced by

a research program aimed at dealing with the many problems associated with
rapidly evolving space systems. Contributing their capabilities to the
research effort are these individual laboratories:

Aerophysics Laboratory: Launch vehicle and reentry fluid mechanics, heat
transfer and flight dynamics; chemical and electric propulsion, propellant
chemistry, chemical dynamics, environmental chemistry, trace detection;
spacecraft structural mechanics, contamination, thermal and structural
control; high temperature thermomechanics, gas kinetics and radiation; cw and
pulsed chemical and excimer laser development including chemical kinetics,
spectroscopy, optical resonators, beam control, atmospheric propagation, laser
effects and countermeasures.

Chenistry and Physics Laboratory: Atmospheric chemical reactions,
atmospheric optics, light scattering, state-specific chemical reactions and
radiative signatures of aissile plumes, sensor out-of -field-of -view rejection,
applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell
physics, battery electrochemistry, space vacuum and radiation effects on
materials, lubrication and surface phenomena, thermionic emi{ssion, photo-
sensitive materials and detectors, atomic frequency standards, and
environmental chemistry.

Computer Science Laboratory: Program verification, program translation,
performance-gensitive system design, distributed architectures for spaceborne
computers, fault-tolerant computer systems, artificial intelligence, micro-
electronics applications, communication protocols, and computer security.

Electronics Research Laboratory: Microelectronics, solid-state device
physics, coapound semiconductors, radiation hardening; electro-optics, quantum
electronics, solid-state lasers, optical propagation and communications;
microwave semiconductor devices, microwave/millimeter wave measurements,
diagnostics and radiometry, microwave/millimeter wave thermionic devices;
atomic time and frequency standards; antennas, rf systems, electromagnetic
propagation phenomena, space communication systems.

‘:‘1 Materials Sciences Laboratory: Development of new materials: metals,
_:{. alloys, ceramics, polymers and their cowposites, and new forms of carbon; non-
e destructive evaluation, component failure analysis and reliability; fracture
> mechanics and stress corrosion; analysis and evaluation of materials at

) cryogenic and elevated temperatures as well as in space and enemy-induced

ST environments.
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Space Sciences Laboratory: Magnetospheric, auroral and cosmic ray
physics, wave-particle interactions, magnetospheric plasma waves; atmospheric

i‘

X and fonospheric physics, density and composition of the upper atmosphere,
*;:. . remote sensing using atmospheric radiation; solar physics, infrared astronomy,
,5){. infrared signature analysis; effects of solar activity, magnetic storms and
‘fﬁ: nuclesr explosions on the earth's atmosphere, ionosphere and magnetosphere;

A S‘; effects of electromagnetic and particulate radiations on space systems; space
ey instrumentation,
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